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XPS analysis. The XPS spectra were calibrated by aligning the C 1s peak at 284.8 eV. In Figure   S7A , each resolved peak in the two spin states is assigned to either Ce III or Ce IV , according to previous experimental data. [7] [8] [9] A very broad component (pink dashes) is present, which is likely originated from the instrumental background. The existence of both valences of Ce is expected from natural ceria samples and their hybrids with Pt due to the formation of oxygen vacancies. [7] [8] [9] In Figure S7B , the three resolved peaks in O 1s spectra are ascribed to the bonding in H 2 O, hydroxyl groups and metal oxides, respectively. 10 The peak at 531.55 eV revealed the rich existence of hydroxyl groups on the hybrid nanorods. It is also indicated that water molecules are absorbed on the surface due to the smaller peak at 532.58 eV. These results are consistent with the infrared spectroscopy results (see Figure S18 ). In the main text Figure 1E , two dominant peaks consisting of Pt 0 (blue dashes) and Pt II (green dashes) peaks are resolved from both samples according to their binding energy. 11 Overall shift was noticed compared to pure Pt or its oxides, which is expected from the strong interaction effect with ceria. The existence of a highly oxidized Pt state, most likely Pt IV (marked by an arrow) suggests that considerable embedding of
Pt by the surrounding ceria is formed, since such split peaks have not been observed from the loaded sample in our experiment or other previous literature reports.
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can partially disperse into the lattice of ceria, 13 therefore the interface of oxide and Pt metal should reasonably have multiple Pt-O bonds per Pt atom depending on local coordination environment, thus leading to an energy shift of Pt 4f 5/2 core level. Tiny shift of 4f 7/2 due to oxidation has also been observed.
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Figure S8. FTIR spectra of the surface-embedded, surface-loaded, and encapsulated samples after ex-situ CO adsorption treatment. , which is the active species contributing to the reduction and attachment of Pt NPs. 6 Heat treatment at 500 °C is able to convert all hydroxide into CeO 2 phase.
In addition, CeO 2 reflections appear sharper, which indicates larger grain size and improved crystallinity. 
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Figure S14. Typical TEM images of (A) the surface-embedded and (B) the surface-loaded sample after heat treatment at 500 °C.
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Figure S15. Typical HAADF-STEM image of surface-embedded sample after heat treatment.
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Figure S16. Typical TEM image of the commercial Pt/C catalyst tested in the catalytic experiment. Figure S17 . UV-Vis spectra achieved at different time for hydrogenation of p-nitrophenol in the presence of NaBH 4 and as-prepared CeO 2 nanorods before (A) or after (B) heat treatment at 500 °C. Both of them show no catalytic activity.
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Figure S18. FTIR spectra of surface-embedded Pt/CeO 2 nanorods before (se) and after heat treatment (se500) at 500 °C. Figure S18 shows FTIR spectra of the surface embedded samples before and after ex-situ heat treatment at 500 °C. Two samples share two groups of peaks in the range of 3000-2800 cm -1 and 1700-1200 cm -1 , respectively. These two groups of peaks can be attributed to the adsorption of carbon oxides on the surface of ceria. 14 Two samples also exhibit the vibration mode of -OH groups with hydrogen bonding as the wide peak around 3500-3000 cm -1 , which indicates the presence of the adsorbed water molecules from the aqueous solution or the atmosphere. The most striking change after heat treatment, however, is the disappearance of the sharp peak at ca. 3600 cm -1 , which can be attributed to free hydroxyl groups. 15, 16 This result indicates the removal of hydroxyl groups from ceria after heat treatment, which might be responsible for the enhancement of catalytic activity by lowering defect density and providing more active sites and less steric hindrance on the surface. is completely fused into the grain colored with red at high temperature (B). The crystallinity of these grains also improves as temperature rises, as the (111) diffractions from CeO 2 lattices at
FTIR spectroscopy analysis.
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